Abstract-The emphasis in this correspondence is on the study of nonstationary two-dimensional (2-D) random fields with wide-sense stationary increments, wide-sense stationary jumps, and 2-D fractional Brownian motion (fBm) fields. The effort made in this work is to develop a realizable method of stationarization provided for nonstationary 2-D random fields. We also present the correlation functions of the discrete wavelet transform relating to 2-D fBm fields that will decay hyperbolically fast.
least on the basis for squares of the Euclidean distance of translations, where H denotes the parameter of the fBm and L is the vanishing moment of the wavelet function. Therefore, these three detail images behave much more like white as the parameter of fBm, H, goes down.
In Section II, we summarize the definitions of WSSI, WSSJ and wide-sense cyclostationary (WSCS) of a 2-D random field. The main results are developed in Section III. Section IV contains two examples to demonstrate the stationarization of the fields of WSSI and WSSJ. The conclusion is given in Section VI.
II. PRELIMINARY
A mathematical tool proposed by Mallat [12] using wavelet basis to image analysis is extracted herein. Some properties of 2-D random fields [17, pp. 38-39] are reviewed here. (f [n x2 + x2 ; n y2 + y2 ] 0 f[n x2 ; n y2 ])g, depends on n x1 ; n y1 ; n x2
and n y2 only through n x1 0 n x2 and n y1 0 n y2 ; i.e., R f [ n x1 ; n y1 ; x1; y1; nx2; ny2; x2; y2] = R f [nx1 0 nx2; ny1 0 ny2; x1; y1; 0; 0; x2 ; y2 ]; 8n x1 ; n y1 ; n x2 ; n y2 ; x1 ; y1 ; x2 ; y2 2 Z, where f denotes the complex conjugate of f. 
where $ = H; V; or D, respectively, n x ; n y = 0; 1; 1 11;N 01, and k x ; k y = 0; 1; 1 11; N 2 0 1. The linear operators H m01 and G m01 
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. According to the finite length of the 2-D random field, those wavelet images at mth resolution as defined in [12] can be formed into 
and
where the superscript T indicates the notation of transposition. In this framework, the reconstruction formula in [12] can be written as jointly for all n x ; n y 2 Z.
Proof: See Appendix A.
A. 2-D fBm Field
The fBm process, as a well-known nonstationary stochastic process with WSSI having statistical properties and the modelings of image texture, has been discussed in many literatures. Tewfik [18] and Kaplan [8] proposed that the correlation functions of the 1-D DWT decay at a rate much faster than the correlation functions of the 1-D fBm itself. In this correspondence, we will show that the 2-D DWT based on PR-QMF structure is also capable of preserving the property for a 2-D fBm field. , with 1280 Monte-Carlo runs. The stationary property of three detail images is shown in Table I which demonstrates the results derived from Theorem 1. From Fig. 1 , we obtain that the ensemble-averaging correlation functions of R D decay fast when the parameter H decreases. The more H get close zero, the more 2-D DWT of the fBm approach white. The phenomenon in Fig. 2(a) shows that the approximate image decays much slower than three detail images. In Fig. 2(b)-(d) , the autocorrelation functions of three detail images are symmetric w.r.t. the axes of k x2 and k y2 around the center (10; 10), but not isotropic. It is corresponding to the result derived in Remark 1. The proof of (P1) (i.e., for the case of WSS) could be obtained easily by similar but simpler procedures as the following proof of (P2). where h denotes the complex conjugate of h. Hence, (A2) can be described by the following matrix equation, such that the correlation matrix ofD H m (f) is equivalent to one half of the correlation matrix RD (y y ) [11, p. 410 
where the elements of matrix 3 are composed of the structure function evaluated at various lags, i.e., The proofs of (P3) and (J) are similar to the proof of (P2 
